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This report sumarizes the flight test results of the Phase IV,
XR-51A compound helicopter testing. For this program, an XH-5iA helicopter
was modified to incorporate a wing and a J-60 auxiliary #vt engine. The
purpose of this phase was to obtain flight test data on performance,
stability, maneuverability, critical stresses and vibration at speeds up
to an objective of 200 knots. The data included in this report presents
the results in these areas at speeds up to a level flight true airspeed
of 21 0 knots.

The completion of this phase represents the end cf the flight testing
required by the original contract. Preparation of a final report is in
progress.

Results and Discussion

Performance

Level flight performance of the compound helicopter in terms of shaft
horsepower required is shown on Figure 1. This data has been corrected to
sea level standard day and shows performance as a pure helicopter, with the
J-60 engine at idle and in full compound flight. Figure 2 shows the jet
thrust required for the same flight condition. Figure 3 shows the tail rotor
power required. Equivalent total propulsive power requirement can be seen by
summing the curves shown in Figures 1, 2, and 3. Figure 4 sho- the variation
of rotor lift which was measured during the performance testing. Note that at
the high speeds the rotor was very nearly unloaded.

Flying Oualities

C lic control stick positions in trimmed level flight are shown on
Figure 5. Duriig the course of the program, the incidence of the control gyro
arms was reduced from 30 degrees to 5 degrees to reduce structural loads in the
gyro drive system. This resulted in a change in the aerodynamic forces which
produce a gyro processing moment and an apparent shift In the static stick-
fixed longitudinal stability. Actual longitudinal stability, evidenced by the
pitching moment of the wing-body against the rotor system was not altered by
the gyro arm incidence change.

As forward flight speed was increased, measurement of the one per rev.
flapwise bending in the main rotor, resolved to show the pitching and rolling
components, indicated increasingly negative longitudinal stability. To restore
positive longitudinal stability, the size of the horizontal tailplane was in-
creased. Figures 6 and 7 show the effect of the change in area of the hori-
zontal tailplane on the pitching component of the main rotor one per revolution
flapwise bending.

Tail rotor pedal position is shown in figure 8 and indicates that ample
directional control margins existed at high speed.
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Mneuvering stability was comfortably positive throughout the test pro-
gram. This is sh-wa' on Figure 9.

Structures

Structural measurements including loads in the main rotor hub and blades,
control gyro arms, main rotor pitch link, tail rotor, horizontal stabilizer,
wing bending, and main rotor lift were obtained. A review of the loads mea-
sured indicates that the major structural item most likely to govern the
fatigue life of the vehicle is the main rotor hub at station 7.0. HTO flap-
wise and chordwise bending moments were measured at hub station 6. These
station 6 bending moments can be converted to stress at station 7 by the
following factors.

Station 6 flapwise bending moment, inch pounds X
1.42 = station 7 stress, psi

Station 6 chordwise bending moment, inch pounds X
0.152 = station 7 stress, psi

Assuming a stress concentration factor of 3, the hub at station 7 has an
estimated eddurarce limit cyclic stress of 26,000 psi.

The compound helicopter was initially flown without the auxiliary J-60
jet engine operating. These tests were conducted from hover to a forward
speed of 96 knots CAS. The structural loads with the J-60 off are shown in
Figures 10 and 11. The structural loads on these plots are essentially the
same as the conventional XH-51A helicopter loads extrapolated to the *iight
and C.G. of the compound helicopter.

The next series of tests were conducted with the J-60 qt idle (approxi-
mately 200 pounds of thrust). The structural loads with the J-60 at idle are
shown in Figuires 10 and 12. These plots show that the main rotor hub loads
decrease with the added thrust from the J-60 at idle. With increased J-60
thrust for level flight, tests were conducted to determine the optimum col-
lective blade angle setting for the higher speeds. The structural loads are
plotted versus collective blade angle for the various speeds and collective
blade sectings up to 158 knots CAS, Figures 13, 14, and 15. From these tests,
the optimum collective blade angle setting from a blade loads standpoint was
determined to be approximately 4.5 degrees. The main rotor hub loads for
this collective blade angle setting are also plotted versus calibrated air-
speed on Figure 10.

With the lavge horizontal stabilizer at zero degree incidence, tests
were conducted at 120 knots and 140 knots with variations in collective to
determine the effect of collective blade angle setting. The data from these
tests are plotted in Figures 16, 17, and 18. E:trapolation of these data to
the higher speed conditions indicated that a collective setting around 3.8
degrees would be a satisfactory compromise angle for proceeding to high speeds
with a constant collective blade angle.
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. The speed was built up to 201.5 knots CAS in approximately 10 knot
increments with the collective blade angle held at approximately 3.8 degrees.
The data from these tests are plotted versus airspeed in Figures 19 through 23.

The main rotor blade flapwise cyclic bending at station 6 shown in Figure
19 iacreased almost linearly with speed to a maximum value of 15,300 inch
pounds at 201.5 knots. As can be seen in Figure 23, the majority of this mom-
ent was caused by the one per revolution pitch and roll compoaents of the
blade bending.

The cyclic flapwise bendin- at station 6 of 15,300 inch pounds converts
to a cyclic stress of 21,700 psi at station 7. The cyclic chordwise moment at
station 6 of 18,200 inch pounds converts to a stress of 2,800 psi at station 7.
The sum of the two results in a maximum possible cyclic stress of 24,500 psi
as compated to an estimated endurance limit of 26,000 psi.

Main rotor pitch link axial loads are shown in Figure 21. The maximum
cyclic loads are only 137 pounds as compared to an estimated endurance limit of
1,400 pounds. Note that there has been no tendency for the loads to increase
rapidly with speed increase. The blade feathering and torsion loads have in-
creased only very gradually with increase in airspeed.

Gyro arm flap and chord bending loads also are shown in Figure 21. At
speeds above 170 knots, the gyro arm incidence angle setting was reduced from
30 degrees to 5 degrees. This had negligible effect on the cyclic chordwise
loads, but did reduce the cyclic flapwide loads. The incidence angle was
changed to reduce the steady torsion load on the gyro drive shaft. The cyclic
loads measured are well below the estimated endurance limit of the gyro armi

Measurements of tail rotor flapwise bending at station 19.5 were obtained
at speeds above 170 knots. These are shown in Figure 22. Analysis of data
obtained during previous tests with the three-blade main rotor had shown that
station 19.5 was the most critical bending station on the tail rotor. The
cyclic loads fall somewhat below what might be expe,-cted by extrapolating the
measurements as a regular helicopter; however, they are approaching the esti-
mated endurance limit of 790 inch pounds. Linear extrapolation of the data
indicates that the endurance limit would be reached at a speed somewhere be-
tween 230 and 240 knots CAS.

Measured horizontal stabilizer bending loads are shown in Figure 20. There
is a difference between the average load L and R indicating an apparent swirl
in the air flow in that area. The static loads are well under the limit static
strength. The cyclic loads obtained are reasonably high and the frequency of
motion is at tail rotor rotational frequency. The symmetrical first bending
mode of the stabilizer, as determined by ground shake tests, is 30.5 cps. The
tail rotor rotatktional frequency is 35 cps and apparently the two frequencies :.nx
are close enough together to provide a reasonable amount of excitation to the
stabilizer. To help alleviate this, cable guy wires were strung from the stabi-
lizer tips to the fuselage top and bottom at the stabilizer. These helped keep
the oscillatory amplitude from building up too rapidly. The estimated endurance
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limit for the stabilizer is 3,200 iach pounds. This was exceeded by 22 per cent
for a few minutes of flight time in the runs at speeds above 180 knots.

Autorotation Rntries

Structural loads during the transition from powered flight to autoro-
tation and during the autorotation are usually less than experienced in powered
level flight and therefore are not shown.

Maneuvering Conditions

The load factors obtained at various airspeeds with the J-60 jet engine
off are shown in Figure 24. The maximum speed obtained with Ifet off was 134
knots CS and the maximum load factor was 1.51 g's wih the minimum load
factor of 0.4'g's. With the jet engine operating, the speed-load factor
values obtained are plotted in Figure 25. The maximum load factor obtained
was 1.8 g's and the minimum 0.64 g's. All load factors are corrected to a
weight of 4,300 pounds.

Main rotor flap~ise and chordwise bending moments at station 6 and flap-
wise bending moment at station 157 are plotted versus load factor in Figures
26, 27, and 28. With the jet engine on and the collective blade angle lowered,
the flapwise average bending moments at station 6 are more negative due to
the reduced rotor lift. The cyclic loads scatter considerably and do not
appear to have any significant trend with either load factor or rotor lift.
With reduced rotor lift, the chordwise loads, both average and cyclic, are
reduced considerably at all load factors. At station 157, the flapwise cyclic
bending loads appear to be somewhat smaller with a reduced collective blade
angle (jet engine on), whereas the average loads appear to be relatively un-
affected by the colleutive blade angle,

The flapwise and chordwise cyclic loads are the maximum loads that occurred
during the maneuver and do not necessarily occur at the time of the maximum
load factor.

Vibration

Cabin vibration levels are shown on Figure 10 for the pure helicopter mode
and Figure 11 with the J-60 at idle. Due to the high gross weight and the
power levels required, these vibration levels are excessive.

In compound flight, the vibration levels are greatly reduced and are
shown on Figure 29 for frequencies of 4 per revolution and higher.
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